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(54) Filter for fluids and process for the manufacture thereof.

(57) The filter cartidge (1) according to the invention
comprises a filtering element (3) having a parallelepiped-
like shape and obtained from stacking sheets made of
alternately corrugated and non-corrugated filtering ma-
terial, so as to form a plurality of channels which are al-
ternately closed and opened at the upstream and down-
stream faces of the filter and so that to force air to cross

the filtering material before leaving the filter. On the two
opposite sides of the filtering element (3), including the
corrugated and non-corrugated sheets edges, are glued
two lateral plates (15) provided with bent edges which
preserve the shape of the filtering element (3), reduce
the geometrical and mounting tolerances of the filter car-
tridge (1), and make easier for the plates to be glued to
the filtering element (3).
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Description

Technical field of the invention

[0001] The present invention relates to a filter for fluid
of the so-called "orthogonal" type. More in detail, the in-
vention relates to a cartridge construction of an orthog-
onal filter and a process for manufacturing such filter.

Prior art

[0002] A currently known air filter type is the so-called
"orthogonal filter", named in such a way due to the path
followed by the air which is filtered. An example of such
orthogonal filter is, for instance, disclosed in WO
83/01582. An orthogonal filter is obtained from alternately
stacking corrugated sheets made of a suitable filtering
material - e.g. paper - and non-corrugated sheets made
of filtering material, so as to make up a stack, or pack,
substantially having the shape of a parallelepiped or
prism. Such pack, which constitutes the so-called "filter-
ing element" of a filter cartridge, defines:

- an upstream face 4’ arranged for being crossed by
air which is still to be filtered and for facing the dirty
air region of the filtering system; and

- a downstream face 6’ arranged for releasing the fil-
tered air and for facing the clean air region of the
filtering system (Figure 1).

[0003] The smooth and corrugated paper sheets are
superimposed in such a manner to form a plurality of
grooves respectively arranged side by side. Each groove
has an open end and a closed end, and extends from
the upstream face 4’ to the downstream face 6’.
[0004] In each layer, formed by a corrugated sheet and
a non-corrugated sheet, each groove which has a closed
end facing the upstream or downstream face 4’ or 6’ is
adjacent to at least one groove which has an open end
facing the same upstream or downstream face; during
filtration this feature forces air, or other fluids, to cross
the lateral walls of the channels and the sheets of filtering
material before leaving the filter. The orthogonal filters
are currently used for the air to be filtered before being
admitted into internal combustion engine for large goods
vehicles, such as lorries and road tractors, heavy and
light industrial vehicles, automobiles, or in order to filter
air to be admitted in gas turbines.
[0005] The orthogonal filters can be assembled with-
out gluing the crest tops of the corrugated sheets over
their whole length to the adjacent non-corrugated sheets;
owing to this the manufacturing process is simplified and
during operation an improved filter efficiency is attained.
[0006] Therefore, when the filtering element is manu-
factured as a stack, and not as a roll, made up of corru-
gated and non-corrugated sheets, it is necessary to close
the sides of the filtering element at the edges of the dif-
ferent corrugated and non-corrugated sheets, in order to

achieve an adequate air-tightness, so that air mainly
flows from the upstream face towards the downstream
face during filtration. GB-A-1 075 732 discloses a tech-
nical solution in order to close the filtering element sides
at the edges of the sheets of which such filtering element
is made up. More specifically, such document illustrates
a non-orthogonal filtering device which comprises deeply
pleated sheets of corrugated filtering material which are
respectively separated by spacer sheets which are also
corrugated. Such filter includes a frame which comprises
a pair of tray-like side members and a further pair of side
plane plates. The bent edges of the tray-like side mem-
bers are mechanically coupled to respective flanges held
by the side plane plates at opposite edges thereof, so as
to cover all four side faces of the filtering element.
[0007] However the technical solution proposed by
such document suffers from the drawback due to the
large reduction of the filtering lateral surface which can
be actually and effectively used by the filtering element
[0008] Therefore an object of the present invention is
to provide in an orthogonal filter a solution to the problem
of closing the filtering element sides, which are formed
by the edges of the different corrugated and non-corru-
gated sheets, in such a manner that during filtration the
air mainly flows from the upstream face towards the
downstream face and that at the same time the effectively
usable filtering lateral surface is subjected to the lowest
possible decrease.

Summary of the invention

[0009] Such object is achieved, according to a first as-
pect of the present invention, by a filter for fluids having
the features of claim 1.
[0010] According to a second aspect of the present
invention, such object is achieved by a process for man-
ufacturing a filter for fluids and which has the features of
claim 12.
[0011] In particular, neither of the above discussed pri-
or art, taken alone or in combination, discloses a device
or a process which uses the distinguishing features cited
in the respective characterising portion of claim 1 and 12
in order to solve the above mentioned object of the in-
vention. The advantages which can be achieved owing
to the present invention will appear more clearly to the
skilled man, by the following detailed description of an
exemplary and non-limitative particular embodiment
which is given with reference to the following schematic
figures.

Brief description of the drawings

[0012]

Figure 1 shows a cross-section of an orthogonal filter
which is known per se;
Figure 2 shows a perspective view of a filter cartridge
according to a particular embodiment of the present
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invention;
Figures 3, 4, 5, 7 shows a sequence of different steps
of the process for manufacturing the cartridge of Fig-
ure 2;
Figure 6 shows a partially sectioned detail of the filter
cartridge of Figure 2, taken along the section plane
B-B which is parallel to the upstream and down-
stream faces of the filter cartridge; and
Figure 8 shows a perspective view of a manufactur-
ing station arranged for pouring glue on the lateral
plates of the filter cartridge of Figure 2.

Detailed description of the invention

[0013] Figures 2-8 relate to a particular embodiment
of a filter cartridge according to the invention.
[0014] Such cartridge, denoted by the overall refer-
ence 1, comprises a filtering element 3 substantially hav-
ing the shape of a parallelepiped and defining an up-
stream face 4 arranged for receiving the air - or another
fluid - to be filtered, and a downstream face 6 arranged
for releasing the air - or another fluid - which has been
filtered.
[0015] Moreover the filtering element 3 defines four
sides which extend between the upstream face 4 and the
downstream face 6. Such sides have a first pair of re-
spectively opposite lateral faces 302, 306, and a second
pair of respectively opposite lateral faces 300, 304 and
which are adjacent to the first pair of lateral faces 300,
304. The filtering element 3 is obtained from staking a
plurality of corrugated filtering paper sheets which alter-
nate with a plurality of plane - or however non-corrugated
- filtering paper sheets. The corrugated paper sheets can
be obtained by an appropriate folding machine which is
known per se.
[0016] Figure 3 shows a possible sequence of steps
downstream of the folding machine: a non-corrugated
paper continuous band 5 is superimposed on the corru-
gated paper continuous band 7 and it is coupled by
means of sealing glue lines 8 and tacking glue lines 9.
In the present description, the word "glue" is to be intend-
ed as any adhesive substance which is capable of fixing
together two objects. Such adhesive substance can be,
for instance, a simple polymeric resin, thermoplastic or
thermosetting, which is applied in fluid state on the parts
to be connected and is then made to reticulate, or some-
how to harden. A "glue" according to the present descrip-
tion can reticulate, or somehow harden, without releasing
solvents, as an effect of the sole temperature.
[0017] Preferably but not necessarily, a hot-melt polya-
mide can be used as sealing glue 8 and tacking glue 9.
[0018] With reference again to Figure 3, the composite
band resulting from coupling the band 5 to the band 7 is
subsequently cut in rectangular pieces 11, for example
by means of the cutter 13. Such pieces, made up of a
corrugated sheet coupled to a non-corrugated sheet, will
be referred to as "semifinished products 11" in the
present description.

[0019] The sealing glue line or seam 8, referred to as
"first glue seam 8" in the present description, is laid along
an edge of the bands 5 and 7 in order to glue them to-
gether and to close a groove end on the upper face of
the corrugated band 7.
[0020] The tacking glue lines 9 are arranged length-
wise of the two bands 5, 7 and properly spaced apart
from the edges thereof, and have the sole task to keep
the corrugated and non-corrugated paper sheets togeth-
er, avoiding the semifinished pieces 11 to open as a book
during manufacturing, therefore making them easier to
be worked. Instead, the glue lines 9 do not have the task
to glue the corrugation tops to the non-corrugated sheet
over the whole length of such corrugations; therefore the
air which pass through the filter 1 can move from a chan-
nel to an adjacent channel by flowing over the corrugated
sheet corrugations.
[0021] In this manner the first lateral faces 302, 306
include the corrugated and non-corrugated sheet edges
(Figure 2, 5, 6) which are not sealed by the sealing glue
8. As a consequence, when the filtering element 3 is
made up by stacking several pieces 11, it is necessary
to close its first lateral faces 302, 306, avoiding that the
air passing through the filter can diffuse through them
with the risk that air is not filtered and making air to flow
mainly from the upstream face 4 towards the downstream
face 6.
[0022] For this purpose, the filter cartridge according
to the invention is provided with a pair of lateral plates
15 which close in a leak-tight manner the sides of the
filtering element 3 at the fist pair of faces 302, 306. In
order to obtain such leak-tightness, the plates 15 are sub-
stantially air-tight - or somehow they ensure tightness
against the fluid to be filtered - and are separately man-
ufactured and subsequently glued to the filtering element
3 by means of adequate glues, or are more generally
welded by laying an adequate adhesive substance in fluid
state between each plate 15 and the filtering element and
then by curing - or somehow hardening - such adhesive
substance.
[0023] The plates 15 further contribute to keep togeth-
er the pack made up of several corrugated and non-cor-
rugated sheets and to properly render it compact and
cohesive, in order to make it be more easily handled dur-
ing filter manufacturing.
[0024] With reference again to the invention, the plates
15 are provided with perimeter edges 150 which are bent
on and about at least two edges of the filtering element
in order to cover only partially the second pair of lateral
faces 300, 304 which are adjacent to the first pair of lateral
faces 302, 306 which include the corrugated and non-
corrugated sheet edges (Figure 2, 5, 6).
[0025] In such a manner the leak-tight closure of the
first pair of lateral faces 302, 306 is safeguarded by sub-
jecting to the lowest possible decrease the filtering sur-
face effectively used by the second pair of lateral faces
300, 304.
[0026] Advantageously the bent perimeter edges 150
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substantially extend along the whole perimeter of the
plates themselves (Figure 5).
[0027] In addition to above, the bent edges 150 have
several tasks. A fist task is to give a more precise paral-
lelepiped-like shape to the filtering element 3, in particular
by keeping in shape the corrugated and non-corrugated
sheet pack edges and reducing the dimensional toler-
ances of the parallelepiped itself. The geometrical and
shape tolerance reduction of the filtering element is, for
example, advantageous in that:

- it allows to reduce the outer overall dimensions of
the filter case (not shown) in which the cartridge 1 is
inserted during use;

- it facilitates the insertion of the cartridge 1 in the
above mentioned filter case; and

- it generally facilitates the automation of the process
for manufacturing the cartridge itself and the assem-
bly made up of the cartridge and the filter case.

[0028] A second task is to make easier and improve
the attachment operation between the plates themselves
and the filtering element 3; actually such attachment can
be achieved as follows.
[0029] A plurality of semifinished pieces 11 is stacked
so as to form a substantially parallelepiped pack. As they
are superimposed one on the other while the respective
first sealing seams 8 are facing downwards, the semifin-
ished pieces 11 are glued by means of second sealing
seams 8’ laid on the edges of the pieces 11 which are
located in opposite position with respect to those on
which the first sealing glue seams 8 are positioned (Fig-
ure 4). In such a manner, each layer can compose the
succession of the channels which are alternately opened
at the upstream and downstream face, and which force
air to follow the path outlined in Figure 1.
[0030] At the same time, in another manufacturing sta-
tion, an operator or a numerical controlled machine - for
example, such as the one shown in Figure 8 - pours seal-
ing glue C on a first lateral plate 15 arranged with its bent
edge 150 facing upwards. The glue expands on the whole
surface of the plate 15 but it does not overflows, being
contained by the bent edges 150 (Figure 5).
[0031] After that, the stack of semifinished pieces 11
is put on the plate 15, so that the sealing glue C closes
the passages between the several corrugated and non-
corrugated sheets located on the sides of the filtering
element 3 (Figure 6); as shown in such figure, the corru-
gated and non-corrugated sheet edges are soaked in the
sealing glue C. Advantageously such glue is made to
reticulate, or somehow to cure, while leaving the filtering
element 3 to rest on the first lateral plate 15. When the
glue C is sufficiently hardened, the filter element is over-
turned and another lateral plate 15 is glued on the side
of the filtering element 3, which is located in opposite
position with respect to the plate 15 which has been pre-
viously glued (Figure 7). Advantageously the glue C is
made to reticulate, or somehow to cure, while leaving the

filtering element 3 to rest on the second lateral plate 15.
[0032] The sealing glue, being able to be abundantly
poured and being free to expand on the whole surface
of the plates 15 owing to the bent edges 150, is capable
of closing in an adequate fluid-tight manner the sides of
the filtering element 3 to which the plates 15 are glued.
Subsequently the filter cartridge 1 is completed by mould-
ing the perimeter sealing gasket 17 made of expanded
polyurethane rubber. (Figure 1).
[0033] In order to effectively preserve the filtering ele-
ment shape, the lateral plates are preferably made of
plastic material. Preferably, such plastic material is not
expanded (in other words, not foamed). For example,
such material can be polyamide, polypropylene, acrylo-
nitrile butadiene styrene (ABS). Preferably, in order to be
sufficiently solid, the lateral plates have a wall minimum
thickness S substantially equal to or more than 0,5mm
(Figure 6); more preferably such minimum thickness S
is equal to or more than 1mm. In the embodiment shown
in the attached figures, such minimum thickness S is
about 2,5mm.
[0034] For the purpose of properly containing the glue
in fluid state to be poured on the lateral plates, the bent
edges thereof have preferably a height H which is sub-
stantially not smaller than groove average height HS of
the corrugated sheets (Figure 6). Such groove average
height HS is calculated as an average over the whole
filtering element. More preferably, the bent edge height
H is substantially not smaller than 1,5 times the groove
average height HS of the filtering material sheet. Even
more preferably, the bent edge height H is substantially
not smaller than twice the average height HS of the above
mentioned grooves. In order to satisfactorily contain the
glue in fluid state, some preferred values for the height
H of the bent edges 150 are given by H equal to or larger
than about 3mm, or about 5mm.
[0035] Figure 8 shows an example of a manufacturing
station arranged for pouring glue in fluid state on the lat-
eral plates.
[0036] The manufacturing station comprises a rotary
table 100 arranged for rotating about a vertical axis and
to which a plurality of work-holding plates 102 is mounted.
Each work-holding plate defines positioning seats ar-
ranged for housing and positioning the lateral plates 15
in a substantially horizontal position, with the bent edges
150 facing upwards.
[0037] A metered dispensing machine 104 is arranged
next to the rotary table 100 and it is in turn provided with
a cantilevered arm 106 which is translatable in three spa-
tial directions. To the free end of the cantilevered arm
106 is mounted a metered dispensing head 108 arranged
for pouring an adequate quantity of glue C on the lateral
plates 15 located on the rotary table 100 by means of a
metered dispensing nozzle which is not shown. During
operation the metered dispensing nozzle moves horizon-
tally and in a automatically controlled manner by means
of a numerical control, so as to completely cover the lat-
eral plates 15 with a layer of glue C which is as even as
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possible and without gaps.
[0038] Naturally the described embodiments are sus-
ceptible to different modifications and alterations without
departing from the scope of protection of the present in-
vention as defined in the annexed claims. For instance,
according to the present invention, not only orthogonal
filters for air can be made, but for other gases or liquids
as well. The glue or the other substance which id suitable
for alternately closing the ends of the different channels
of the filtering element can be affixed not only by laying
a seam, but for instance by injection as well. The lateral
plates can be attached to the filtering element not only
by gluing it by means of an adhesive substance which is
added to the material of the filtering element and the
plates, but also by welding them to the filtering element
by means of the same material of the lateral plates or of
the corrugated sheet and/or non corrugated-sheet; for
example, it is possible to subject the plastic material of
the lateral plates and/or the material of the corrugated
and non corrugated sheets to local melting or ultrasonic
welding.
[0039] In order to attach the lateral plates 15 to the
filtering element, it can be used the same expanded poly-
urethane rubber which is used for manufacturing the gas-
ket 17; in this case the polyurethane rubber, or the other
expanded polyurethane substance, can be spilled in fluid
state on two lateral plates 15 arranged as previously de-
scribed, and therefore it can be made to reticulate after
the filtering element 3 has been brought next to the plates.
The lateral plates can have not only a substantially planar
shape, as shown in Figure 2, 5-7, but also non-planar
shapes, for instance concave, convexes, or undulated in
various manners.
[0040] The embodiments and the lists of the possible
variants of the present invention are to be intended as
non-exhaustive lists.

Claims

1. Filter for fluids, comprising a filter cartridge (1) in turn
comprising a filtering element (3) having parallelepi-
ped-like shape and obtained from stacking a plurality
of corrugated sheets made by filtering material and
a plurality of non-corrugated sheets made of filtering
material, wherein:

- the filtering element (3) defines an upstream
face (4), a downstream face (6) and four sides
(300, 302, 304, 306) extending between the up-
stream face and the downstream face;
- each sheet of corrugated filtering material al-
ternates with a sheet of non-corrugated materi-
al;
- the corrugations of each sheet of corrugated
filtering material form a plurality of grooves re-
spectively arranged side by side and extending
from the upstream face (4) to the downstream

face (6);
- substantially in each corrugated sheet, the
ends of the grooves on a predetermined face of
that corrugated sheet are closed at the upstream
face (4) and open at the downstream face (6),
while the ends of the grooves on the face oppo-
site to the predetermined face of the same cor-
rugated sheet are closed at the downstream
face (6) and opened at the upstream face (4),
so as to force the fluid, which is to be filtered and
mainly flows from the upstream face towards the
downstream face, to cross the filtering material
before leaving the filter; and
- said sides define a first pair of respectively op-
posite lateral faces (302, 306) including the cor-
rugated and non-corrugated sheets edges, and
a second pair of respectively opposite lateral
faces (300, 304) adjacent to said first pair of lat-
eral faces (300, 304);

said filter being characterised in that the filter car-
tridge (1) comprises a couple of lateral plates (15)
fixed to the sides (300, 302, 304, 306) of the filtering
element, so as to close substantially in a fluid-tight
manner said sides at the first pair of lateral faces
(302, 306); said lateral plates (15) being further pro-
vided with bent edges (150) covering only partially
said second pair of lateral faces (300, 304) in such
a manner that said filter is capable of filtering a fluid
even through portions which belong to said second
pair of lateral faces (300, 304) and are free from said
bent edges (150).

2. Filter according to claim 1, wherein said faces (300,
302, 304, 306) are substantially planar and each lat-
eral plate (15) has substantially planar shape.

3. Filter according to one or more preceding claims,
wherein the bent edges (150) of each lateral plate
(15) extend over the whole perimeter of the lateral
plate itself.

4. Filter according to one or more preceding claims,
wherein each lateral plate (15) is glued and/or weld-
ed to the filtering element (3).

5. Filter according to claim 4, wherein each lateral plate
(15) is glued to the filtering element (3) by interposing
an adhesive substance (C) between the lateral plate
(15) itself and the filtering element (3).

6. Filter according to one or more preceding claims,
wherein each lateral plate (15) is made of plastic
material.

7. Filter according to one or more preceding claims,
wherein each lateral plate (15) is made of substan-
tially non-foamed material.
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8. Filter according to claim 6 and/or 7, wherein the min-
imum thickness of the wall (S) of each lateral plate
(15) is substantially equal to or greater than 0,5 mm.

9. Filter according to one or more preceding claims,
wherein the minimum height (H) of the bent edges
(150) of each lateral plate (15) is substantially equal
to or greater than the average height (HS) of the
grooves of the corrugated sheets.

10. Filter according to one or more preceding claims,
wherein the minimum height (H) of the bent edges
(150) of each lateral plate (15) is substantially equal
to or greater than about 3 mm.

11. Process for manufacturing a filter for fluids having
the features according to one or more preceding
claims, comprising the following steps:

a) providing a filtering element (3) having paral-
lelepiped-like shape and obtained from stacking
a plurality of sheets of corrugated filtering ma-
terial and a plurality of sheets of non-corrugated
filtering material, wherein:

a.1) the filtering element (3) defines an up-
stream face (4), a downstream face (6) and
four sides (300, 302, 304, 306) extending
between the upstream face (4) and the
downstream face (6); said sides defining a
first pair of respectively opposite lateral fac-
es (302, 306) including the corrugated and
non-corrugated sheets edges, and a sec-
ond pair of respectively opposite lateral fac-
es (300, 304) adjacent to said first pair of
side faces (300, 304);
a.2) each sheet of corrugated filtering ma-
terial alternates with a sheet of non-corru-
gated filtering material;
a.3) the corrugations of each sheet of cor-
rugated filtering material form a plurality of
grooves respectively arranged side by side
and extending from the upstream face (4)
to the downstream face (6);
a.4) substantially in each corrugated sheet,
the ends of the grooves formed by a prede-
termined face of that corrugated sheet are
closed at the upstream face (4) and open
at the downstream face (6), while the ends
of the grooves formed by the face opposite
to the predetermined face of the same cor-
rugated sheet are closed at the downstream
face (6) and opened at the upstream face
(4), so as to force the fluid, which is to be
filtered and mainly flows from the upstream
face towards the downstream face, to cross
the filtering material before leaving the filter;

b) arranging a pair of lateral plates (15) provided
with bent edges (150);
c) fixing said lateral plates (15) on the sides (302,
306) of the filtering element, so as to close sub-
stantially in a fluid-tight manner said sides at the
first pair of lateral faces (302, 306), and so that
the bent edges (150) of the said lateral plates
(15) cover only partially said second pair of lat-
eral faces (300, 304); said filter being capable
of filtering a fluid even through portions which
belong to said second pair of lateral faces (300,
304) and are free from said bent edges (150).

12. Process according to claim 11, comprising the step
of fixing said lateral plates (15) on the sides (302,
306) of the filtering element by gluing and/or welding.

13. Process according to claim 12, comprising the steps
of:

- orienting at least one of said lateral plates (15)
by directing the bent edges (150) upwards;
- pouring a fluid adhesive substance (C) on the
said at least one lateral plate (15);
- fixing said at least one lateral plate (15) to one
of said first lateral faces (302, 306) of the filtering
element (3) by means of the adhesive substance
(C) poured on said at least one lateral plate (15).

14. Process according to claim 13, comprising the step
of allowing the adhesive substance (C) to harden by
leaving the filtering element (3) laid on said at least
one lateral plate (15).
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